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ABSTRACT
VISORS (Virtual Super-resolution Optics with Reconfigurable Swarms) is a space physics mission for solar corona
investigation that will help observe and study the heat release regions. The pair of two formation flying CubeSats
containing the observatory and detector will capture the extreme ultraviolet features on the Sun with an unprecedented
resolution of 0.2 arcseconds. The strict six-month mission challenges include relative orbit requirements during
science observations with several advanced technologies for precise formation flying. For a successful mission, one
needs to make sure all the components of the CubeSats' payload meet the thermal requirements. This work performs
the thermal analysis of the CubeSat swarm for several mission modes using Thermal Desktop software. Several
challenges related to the temperature requirements of specific components are addressed, and solutions are
demonstrated.
INTRODUCTION
The VISORS mission aims to investigate the processes
in the solar corona and observe and study the heat release
regions1. The distributed telescope system of two 6U
CubeSats: Detector Spacecraft (DSC) and Optics
Spacecraft (OSC) are designed to reach the mission's
goal. DSC and OSC align in Low Earth Orbit (LEO) for
taking unprecedentedly high-resolution photos of the
solar corona. The schematics of the VISORS formation
configuration is shown in Figure 1.
Figure 1: VISORS Formation Configuration
Each Spacecraft consists of the bus (procured through a
contract with Blue Canyon Technologies (BCT)) and the
payload with the equipment necessary for the mission.
The single image of the Sun in the He II 304 Å line with
a resolution of 0.2 arcseconds determines the mission's
minimum success science goal, demonstrating the
mission's key technologies. The extreme ultraviolet
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(EUV) wavelength photon sieve is used to capture the
large quantities of ionized helium in the corona. As it is
shown in Figure 1, a focal length of 40 m is required to
achieve diffraction-limited image resolution, which is
too large for a single spacecraft. Moreover, conventional
mirror-based optics cannot achieve such a high
resolution.

boards, and one board inside the detector. The OSC
spacecraft has only four avionics board-stack boards
identical to those of the DSC spacecraft. The boards are
modeled as layers of FR-4 and pure copper material. The
amount of 0.5 oz copper layers is represented in Table 2:
Table 2: PCB Board number of Copper Layers
PCB Board Name

For this reason, the distributed telescope with photon
sieve on the OSC and detector instrument on the DSC is
designed to focus incoming light. Thus, the in-focus, ontarget, unsmeared images are collected using precise
maneuvering and pointing. The new relative navigation
algorithm enabled with the inter-satellite link is used to
share the navigation data between Spacecraft2.
Moreover, the spacecraft are equipped with a propulsion
system designed to execute the formation flight
maneuvering and use swappable chief-deputy
architecture, allowing for longer mission duration and a
higher level of redundancy.
In order to successfully reach the mission goals, it is
essential to keep all the components of the bus and
payload within the operational temperature ranges. In
this work, the thermal analysis of the OSC and DSC
Spacecraft is performed for several modes of operation.
The paper also discusses a successful solution to several
temperature range issues.

It is convenient to represent the PCB boards with a
multiple-layer laminated structure. This work treats such
a layered structure as a homogeneous material with two
effective thermal conductivities: in-plane and throughplane, as seen in Table 1. According to 3, the PCB board's
cross-plane and in-plane thermal conductivities can be
determined using simplified analytical methods.
Table 1: PCB Board Conductivity Equations
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Switching Board

4

Bottom Board

2

CSIE Boards (Top and
Bottom)

4

Detector Board

2

The numerical approach to determine the pressurization
of a fluid propellant tank is a much more complex task,
as seen by Majumdar and Steadman 7, requiring software
unavailable for the team to use. Thus, the heat transfer
between the propellant and a tank is based on the natural
convection sphere of constant volume at fixed pressure

In the DSC spacecraft, there are seven boards placed in
the bus, including two Compact Spectral Image
Electronics (CSIE) boards 4, four avionics board-stack
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SOM Board

Certain simplifications have been made with the
available software for modeling the system, such as
assuming the propellant is an ideal gas for all given
conditions. The fluid's constant pressure-specific heat
capacity varies linearly for the assumed range of
temperatures will be experienced, as seen by 6.

𝑡𝑡𝑖𝑖
∑𝑁𝑁
𝑖𝑖=1 �𝑘𝑘
𝑖𝑖

𝑘𝑘𝑖𝑖𝑖𝑖−𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 =

2

The Propulsion system is a component present in both
the OSC and the DSC. Their configurations differ from
each other. For instance, the volume of propellant in the
DSC is 240 cm3, while for the OSC the propellant
volume is 200 cm3. Both use Hexafluoropropane, also
known as R236fa, a cold gas propellant used in various
fields, such as fire extinguishers 5. The Thermal Desktop
design based on the CAD model has the same
geometrical properties, excluding the nozzle features,
and has been designed using a meshing approach. The
structure itself is mainly made of SOMOS Perform, a 3D
printed material with similar properties as
thermoplastics.

PCB Boards

𝑘𝑘𝑡𝑡ℎ𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟ℎ =

Amplifier Board

Propulsion System

THERMAL DEVELOPMENT

∑𝑁𝑁
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number of 0.5 oz Copper
Layers

2

36th Annual Small Satellite Conference

model with a gas inside. The propellant is modeled as a
node with a constant temperature.
Door Mechanism
The door mechanism is a part of the DSC, which opens
during the science mode and allows the sunlight passing
through the photon sieve to enter the detector. The
thermal model contains a simplified model of the door
mechanism. Details such as screws and bolts that do not
significantly contribute to the thermal analysis have been
neglected and the door's shape is simplified. The actuator
which controls the door is modelled as a cylinder.
Detector

Figure 3: OSC CAD vs. Thermal Model

The detector is a science instrument onboard the DSC.
Since the detector is one of the most temperature
sensitive components on the DSC CubeSat, it is
important to model it with higher precision. Therefore,
the detector is modelled using a mesh that accurately
captures the enclosure's geometry. The PCB board with
a chip inside the detector enclosure is modelled using a
flat plate with the appropriate properties.
Photon Sieve
The photon sieve on the OSC forms a solar He II 304 Å
image which is recorded by the detector. The sieve
holder is modelled as a hollow cylinder made of Al6061. The photon sieve is modeled using a circular plate
75 µm thick. The photon sieve is given properties of Alcoated silicon. The model can be seen in Figure 2.

Figure 4: DSC CAD vs Thermal Model
CASES AND APPROACH
The thermal analysis was done at 5 different orbits and
attitudes. The cases names are hot, hot standby, cold,
cold standby, and cold survival. Their parameters can be
seen in Table 3.
Hot Case: This case represents the worst hot case
scenario. The values for flux, albedo and planet shine are
the maximum values achievable for the current orbit, and
all the heat loads are turned on. The Spacecraft is always
in sunlight.

Figure 2: Thermal Model of Photon Sieve
Laser Range Finder
The laser range finder (LRF) is currently a work-inprogress. It is modelled as a plastic cuboid with an
aluminum holder. However, this is subject to change
since the actual LRF is undergoing changes that include
the replacement or removal of specific components.

Hot Standby Case: The parameters of this case are
similar to the hot case. However, the satellite's attitude is
different. In this case, the Spacecraft will carry out
default operations.
Cold Case: This case represents the worst cold case
scenario when the heat loads are turned on. The
parameters are chosen in order to make the Spacecraft as

Payload Components in the Bus
Figures 3 and 4 showcase the full thermal model from
which the above results were obtained for both the OSC
and the DSC, and how these models compare to their
respective CAD models.
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cold as possible. The satellite stays in the Sun for 50%
of its orbit.
Cold Standby Case: Similar to the hot standby case, this
case has the same parameters as the cold case but a
different attitude profile. The satellite will be in standby
mode and will be performing default operations.
Cold Survival Case: This is the worst cold case
scenario. The orbit parameters are the same as in the cold
case. However, all the heat loads are turned off to make
the satellite as cold as possible. This is to ensure the
satellite can survive even if case of a power outage when
none of the components are working.

Figure 6: DSC Thermal Model Cold Case
As seen by Figure 6, excluding the solar panel arrays and
only focusing on the internal subsystems within the DSC
bus, the components with the highest temperatures are
the CSIE board-stack, with temperatures going up to 16
°C, and the Avionics board-stack, with temperatures
exceeding the 30°C. The rest of the components are
within 8°C.

Table 3: Orbits’ parameters
Hot

HotStandby

Attitude
(km)
Inclination
(°)
Beta
69.14
90
Angle (°)
Solar Flux
1420
(W/m2)
Albedo
0.35
IR PlanetShine
287
(W/m2)

Cold

ColdColdStandby Survival

600 km

Heat Loads

97.89
9.86

0

When analyzing the individual cases that are tested on
both the OSC and DSC models, different head loads and
attitudes are utilized to test the temperature
differentiation of each of the components to determine if
the component stays in their operational/survival
temperatures. For the Hot, Hot-Standby, and Cold cases,
the heat load affects all of the components, while for the
Cold-Standby and Cold-Survival Cases, the heat load is
not a factor. Table 4 summarizes the heat-loads and
orientation of the spacecraft for the cases.

9.86

1300
0.2
189

Table 4:

Case Visualization

Heat Loads and Orientation for each case

Cases

Heat Loads

Spacecraft Orientation

Hot

On

Primary: GNSS to
Zenith
Secondary: Solar Panels
to Sun

HotStandby

On

Primary: Solar Panels to
Sun

Cold

On

Primary: GNSS to
Zenith

Figure 5: DSC Thermal Model Hot Case

Secondary: Solar Panels
to Sun

As can be seen in Figure 5, excluding the solar panel
arrays and only focusing on the internal subsystems
within the DSC bus, the components with the highest
temperatures are the CSIE board-stack, with
temperatures going up to 30 °C, and the Avionics boardstack, with temperatures exceeding 40 °C. The rest of the
components are within 20 °C.
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ColdSurvival

Off

initial simulation for the hot case showed that the
detector temperature exceeded 50 C, as shown in Figure
7. The high inner bus surface temperature was assumed
to be the reason for that since the detector enclosure is
attached to it. To resolve the issue, the thermal coating
on the bus was modified: the combination of the 10 mil
and 5 mil second surface silver-coated Teflon tapes with
acrylic 966 adhesive and black Kapton MLI material
were applied to different surfaces of the bus. As a result,
the temperature of the inner bus surface was significantly
reduced and allowed to satisfy the required operational
range
temperature
for
the
detector.

Tumbling

Component Operational Ranges
From all the components of OSC, the laser range finder
is a the most sensitive subsystem, with the smallest range
of allowable temperatures for an operational purpose.
The difference in temperature ranges between all
subsystems is a challenge that must be addressed to
guarantee the success of the mission, since ensuring the
subsystems are within their respective ranges is critical
for the scientific operation of both CubeSats. The current
work being done on the Laser Range Finder thermal
model as well as its physical model will determine a
more accurate representation of the operational range of
temperatures and its limits.
Like the OSC, the DSC also has a large range of
operational temperature limits, which must be met for
the mission to be performed successfully. The Door
Mechanism is the subsystem with the smaller range of
operational temperatures for this CubeSat. Thus, this
component must be modelled very accurately. From a
thermal modeling point of view, it is relatively more
complex, meaning it requires a few simplifications to
make the various cases operate efficiently.

Figure 7: DSC Old Model Top View
Avionics Board stack
The excessive heat generation on the SOM board chip
led to excessive heat generation. To resolve the issue, a
0.2" thick copper bracket was added to remove the heat
from the chip shown in Figure 9.

CHALLENGES AND SOLUTIONS
Propulsion System
The propulsion system has been modeled based on
simplified and robust approach. Utilizing this thought
process, the thermal model propulsion system has been
modeled through the meshing of multiple rectangular
surfaces, maintaining dimensional accuracy compared to
the CAD model. A node with contactors was placed in
the propulsion system modeling the flow and overall
specifications of the propellant. Currently, potential
solutions are being tested to allow for more accurate
readings through the modification of the propellant
modeling. A few examples of the new approaches are
utilizing a conductor, which accounts for radiation,
instead of a node, and a solid box approach, where the
propellant is modeled as an accurately sized box inside
the propulsion system. These potential solutions will be
tested to determine their overall performance.

Figure 8: Avionics Board-Stack CAD model
Avionics Board stack – Amplifier Board
The Amplifier board in the avionics board stack has two
AMP chips on which the entire heat load is concentrated.
The model can be seen in Figure 9. This heat load has an
alternating 0.5 second on/off duty cycle. However, due
to numerical constraints, implementing the 0.5-second
on/off duty cycle proved to be numerically inefficient.
Therefore, a 5-second on/off duty cycle was applied.
This implementation was not an accurate representation
of real-life since a point heat load turned on for 5 seconds

Detector
Several challenges related to the specific component's
temperature occurred during the thermal analysis. One of
them was the DSC detector temperature. The operational
range of the detector is -25 C to 45 C. However, the
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resulted in abnormally high temperatures. As a result, an
average 50% heat load was applied to the entire board.

Figure 9: Amplifier Board
RESULTS

Figure 11: OSC Cold Case Temperature Range
Just as in the hot case, a majority of the components in
the OSC are able to stay within both the operational and
survival ranges for the cold case. These results can be
seen in Figure 11. Just as before, the Amplifier board
Avionics Board stack component stays within the
operational range but exceeds the maximum temperature
of the Cold case. Unlike before, the temperatures of
Laser Range Finder exceed both the maximum and
minimum values of the survival range. This large
temperature range for the Laser Range Finder may be
due to the current lack of knowledge regarding the
specific properties and components of the LRF. More
research about the LRF as well as information about the
properties of the component, are needed to allow for a
more accurate simulation to be developed.

Figure 10: OSC Hot Case Temperature Range
Figure 10 depicts the temperature ranges of the OSC
when tested with the hot case. As evident, most of the
components' temperature ranges are within both the
given operational and survival ranges. Two components,
the Avionics Board stack – Amplifier board and the
Amplifier board (50% constant heat load) both exceed
the maximum Operational Temperature range,
indicating possible modeling inaccuracies. These
inaccuracies may be caused by the heat loads at the AMP
chips. Thus, modifications such as a change in the heat
load distribution may be necessary to allow for the
temperatures to fall back within the operational range.

Two additional Cold cases, the Cold-Standby and the
Cold-Survival, were simulated to determine the
temperature ranges of the components. For the ColdStandby Case, only the Laser Range Finder exceeded the
minimum Operational Range but was still within the
Survival Range. All of the components in the ColdSurvival Case were within both the Operational and
Survival Ranges except for the Laser Range Finder,
which once again exceeded the minimum temperature.
of the Operational Range.

While not visualized here, the Hot-Standby case has a
similar result to the hot case where the Avionics Board
stack – Amplifier board exceeds the Operational Range.
The same potential changes mentioned in the hot case
can be applied here.
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Figure 12: DSC Hot Case Temperature Range

CONCLUSION

Similarly to the results from the Hot Case of the OSC,
only the Avionics Board stack – Amplifier board and the
Amplifier board at 50% Constant Duty Cycle of the DSC
exceed the threshold of the Operational Range, as seen
in Figure 12. Even the three unique components of the
DSC - the door, the CSIE Board stack, and the detector
– fall within both the Operational and Survival Ranges
for this case. The same potential causes of error and
changes as mentioned in the OSC description of the hot
case for these two components can be utilized to allow
for a more accurate temperature range.

In this work, the thermal analysis of OSC and DSC
Spacecraft, which comprise the distributed telescope
system of 6U CubeSats called VISORS and designed to
investigate the solar corona is performed. The detailed
thermal models of both Spacecraft were built using
Thermal Desktop software from CRTECH. Several test
cases were considered for various orbit configurations
and CubeSat attitudes. The temperature range issues or
avionics board stack (OSC and DSC) as well as detector
temperature (DSC), which significantly violated
operating temperature range during the thermal design
stage, were successfully resolved.

The Hot-Standby Case depicts the same components
(Avionics Board stack – Amplifier board and the
Amplifier Board at 50% Constant Duty Cycle) that
exceeded the specified maximum temperature of the
Operational Range.
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